INTRODUCTION
In the last decade, many technical applications included in theirs architectures strapdown inertial navigation systems (SDINS) as positioning systems, independents or integrated with the GPS. Also, as a miniaturization consequence, the operating fields of these systems were extended from already classical aerospace engineering field to robotics, automotive and medical fields [2] - [4] , [12] . Whatever the monitored application, the basic principle of such systems includes two important steps: 1) attitude determination, and 2) coordinates calculation. Apparently independent one of each other, taking into account that each of them uses information from different sensors clusters (gyros, respectively accelerometers), the two steps are actually in a unidirectional dependence, because all spatial positioning algorithms are based on the attitude information [8] - [10] , [13] . Therefore, the accuracy of attitude determination is very important, being reflected directly in the precision of coordinates and speed com-ponents calculation. Moreover, if we remind that the spatial positioning using inertial navigation method supposes the adding at initial position of known distances in known directions, then the attitude errors are reflected by time-square dependent terms in coordinated errors, being equivalent with non-nulls biases of the accelerometers used in detection unit [5] , [7] .
The attitude determination with an inertial navigation system involves the determination of the angles of roll, pitch and yaw from the inertial sensors acquired data. Two types of inertial navigation systems were developed over time: the stabilized platform and the strapdown system. To found a vehicle attitude by using an inertial navigator with a stabilized platform is relatively easy, supposing the use of some angular transducers, which give the position of the stabilized platform relative to the vehicle's frame axes. Unfortunately, such systems involve the use of large, heavy equipment, such as a force gyro-stabilizer, which makes it impossible to be used in special applications with light vehicles [5] , [9] , [13] . On the other way, the strap-down inertial system has the advantage of miniaturization, which makes it ideal for use in all types of applications, but involves the use of a high-performance navigation processor and of optimal algorithms to process the information received from the sensors. Therefore, the attitude determination with SDINS is slightly more complicated, sometimes requiring complex mathematical calculations and adequate numerical algorithms. There are two methods for determining the attitude in the SDINS, however both lead in the end to the achievement of the attitude matrix: the attitude Quaternion method and the matrix method. Obtaining the final attitude matrix involves the numerical integration of the differential Poisson attitude equation, in one of its two forms, the matrix or the quaternionic [1] , [6] , [8] - [11] , [13] - [15] .
The two attitude representations are equivalent, but the numerical integration of the quaternion form has several advantages related to the presence of only four parameters linked by a single constraint condition in the ortho-normalization process; the matrix parameterization, involves the using of nine parameters in the ortho-normalization process, bound by three orthogonality conditions and three normality conditions. Moreover, the attitude matrix orthonormalization involves the existence of an iterative algorithm, which complicates the numerical method [8] - [10] , [13] .
To calculate the vehicle attitude, both the attitude quaternion and the direction cosine matrix switching between the inertial frame (the local horizontal frame) and the mobile frame (vehicle frame) m I R , are used. The values known at each time point are the angular velocity components measured using the strap-down inertial system gyros. The Poisson quaternionic equation to be integrated is [1] , [6] , [8] - [11] , [13] - [15] :
where Q is the quaternion which realize the transformation between the inertial frame I and mobile frame , m and ω is the quaternion associated to the absolute angular speed vector ω of the mobile frame , m
If we denote by 
So, the integration algorithms must be followed by the ortho-normalization algorithms. According with Savage ([10] , [11] ), the new quaternion can be calculated with the formula
where
is the quaternion which characterize the orientation of the mobile frame m at the t n-1 time relative to its orientation at the t n time. The formal definition of the quaternion 
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It results
and, the angular increments
and the norm ) ( 0 n t φ can be calculated following the formulas (10) and (11), by using the steps performed in equations (13)÷(20).
With the Taylor series development of the coefficients of the matrices 4 I and φ in equation (9) 
by truncation, the re-actualization formula of quaternion is given by equation: . n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n n t q In equations (29), the attitude angles trigonometric quadrants appurtenances are considered, based on DCM elements values obtained at 1 − n t and n t times with equations (27). In order to use the tool, the initial attitude should be provided under the form of roll, pitch and yaw angles initial values: 
SOFTWARE IMPLEMENTATION
Implementing the previously presented algorithm in a Matlab/Simulink S-function, the "Attitude" subsystem presented in Fig. 1 was obtained. It has as inputs the components of the vehicle angular speed given by three strap-down gyros
("omegax", "omegay" and "omegaz"), and as outputs the Direction Cosines Matrix (DCM) describing the vehicle attitude relative to the Local Horizontal frame and Euler angles (attitude angles) . , , ψ θ ϕ Figure 1 . The SIMULINK model of the algorithm.
The Graphical User Interface (GUI) obtained when Mask the "Attitude" subsystem is shown in Fig. 2 . It allows the users to set the initial attitude angles values, the truncation order 
NUMERICAL AND EXPERIMENTAL TESTING OF THE TOOL
To validate the developed tool a numerical simulation testing and an experimental testing were performed. In numerical validation step different values of angular speed's components were applied at the tool inputs. Calculating the final values of the attitude angles by using a theoretical method, the errors of the attitude estimation with the tool were determined as differences between these theoretically obtained values and the tool outputs. For an easier theoretical calculus of the attitude angles on each input channel of the tool were applied nonnull signals successively; for example, when on the x channel was applied a non-null signal, Analysing the values in Table 2 can be observed that the absolute values of the errors on the three channels are almost identical when applying the same inputs of angular speed. Also, there can be noticed a tendency to coincide for orders 1 and 2, for orders 3 and 4, as well as for orders 5 and 6. The difference between orders 1-2 and 3-4 is seven orders of magnitude, while between orders 3-4 and 5-6 is six orders of magnitude. It is worth mentioning the change in error sign from order 1 to 2, from order 3 to 4, and from order 5 to 6. All the simulation results confirmed that the tool worked very well.
In the experimental validation step we compared the tool outputs with the outputs of a GPS-SDINS integrated navigation system. Our tools used as inputs the data obtained from the SDINS gyros triad (Fig. 6 ). The integrated system was placed on a bench tester, and an alignment system was used in order to obtain a good horizontality of the testing table. The test duration was of approximately 300 seconds, period in that the attitude angles were calculated by the GPS-SDINS and acquired in order to be compared with the ones calculated by our tool. The test was a statically one (all of the three rotation rates was maintained zero), but the gyro sensors errors affected the measurements. The outputs of the three gyros were corrected from the point of view of the biases.
The comparative results of the GPS-SDINS obtained attitude angles and of our tool are shown in Fig. 7 : roll angle in Fig. 7 .a, pitch angle in Fig. 7 .b, and yaw angle in Fig. 7 .c. From this characteristics can be easily observed that the GPS-SDINS and tool responses are very close one to each other, with the remark that the GPS-SDINS have the good results. The reason is the presence of GPS in the integration algorithm, which has an important influence in the SDINS sensors errors' correction; we corrected the gyros biases by using a classical method based on the means values, while the integration algorithm in the GPS-SDINS system estimated statistically the biases by using a Kalman filter. The initialization values for the roll, pitch and yaw angles used in tool were: 0.37 deg, -0.13 deg, and -64.49 deg, respectively. 
CONCLUSIONS
A software implemented tool for a vehicle attitude determination was presented. The developed tool used as inputs the readings from a strap-down gyro triad and offered to the users the attitude information in terms of Direction Cosines Matrix, describing the vehicle attitude relative to the Local Horizontal frame, and in terms of Euler angles (roll, pitch, and yaw -attitude angles). The theoretical mechanism of the tool is based on the numerical integration of the Poisson equation in quaternionic form by using the method proposed by Savage, the developed Graphical User Interface allowing the selection of one of the first six orders of this integration method.
The software instrument was tested both in numerical simulation and experimental ways. To experimentally validate the functionality of the developed tool, an integrated GPS-SDINS navigation system was used as a secondary system to calculate the vehicle attitude. All of the obtained results confirmed its good operation. 
